A Gram-stain-negative, rod-shaped, aerobic, straw yellow, motile strain, designated T , belonging to the genus Acidovorax, was isolated from a water sample of the river Ganges, downstream of the city of Kanpur, Uttar Pradesh, India. Cells were aerobic, non-endospore-forming and motile with single polar flagella. It differed from its phylogenetically related strains by phenotypic characteristics such as hydrolysis of urea, gelatin, casein and DNA, and the catalase reaction. The major fatty acids were [2, 3] . In the present study, we describe a novel isolate, strain KNDSW-TSA6 T , isolated from a freshwater ecosystem.
The genus Acidovorax, a member of the class Betaproteobacteria, was first proposed by Willems et al. [1] with the re-classification of Pseudomonas facilis as Acidovorax facilis. At the time of writing, this genus comprises 15 species with A. facilis as the type species. These species have been isolated from diverse habitats, such as plants: Acidovorax anthurii [2] , Acidovorax avenae, Acidovorax cattleyae, Acidovorax citrulli, Acidovorax konjaci [3] , Acidovorax valerianellae [4] , Acidovorax radicis [5] , Acidovorax oryzae [6] ; sludge: Acidovorax caeni [7] , Acidovorax defluvii [8] ; soil: A. soli [9] and clinical samples: Acidovorax delafieldii, A. facilis, Acidovorax temperans [1] and Acidovorax wautersii [10] . Based on the source of the isolation, the species of this genus are classified into two groups: environmental [9] and phytopathogenic [2, 3] . In the present study, we describe a novel isolate, strain KNDSW-TSA6 T , isolated from a freshwater ecosystem.
Strain KNDSW-TSA6
T was isolated from a water sample of the river Ganges, downstream of the city of Kanpur, India (N 26 24¢ 55 † E 80 26¢ 66 †) by dilution plating on tryptic soy agar (TSA) medium and incubation at 30 C for 7 days. The isolate was preserved in glycerol (10 % v/v) at À70 C. The reference strains A. soli (KCTC 22399 T ) and A. delafieldii (DSM 64 T ) were procured from the Korean Collection for Type Cultures (KCTC) and the German Collection of Microorganisms and Cell Cultures (DSMZ), respectively.
Phenotypic characterization including colony morphology and pigmentation were observed as per standard methods [11] . The cell size and presence of flagella was determined by using the JEOL JEM 2100 transmission electron microscope. Morphological tests such as Gram-staining and endospore detection were performed as described by Smibert and Kreig [12] . The physiological parameters of the strain were recorded by observing growth for 7 days at different temperatures (4, 10, 15, 20, 25, 30, 37, 42 and 50 C) on TSA plates, NaCl concentrations (0, 0.5, 1.0, 2.0, 5.0, 7.0, 10.0 and 12.0 % w/v, using basal medium with the composition of 15 g l À1 casein, 5 g l À1 soyabean meal, supplemented with the required amount of NaCl) and pH (5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 12.0) set by using the composition of biological buffers described Xu et al. [13] . The testing of biochemical properties, such as oxidase and catalase activity, hydrolysis of urea, DNA, starch, casein and gelatin, methyl-red and Voges-Proskauer tests, citrate utilization, and nitrate reduction, were performed by following standard procedures [12, 14, 15] . Acid production from arabinose, dextrose, fructose, mannose, mannitol, adonitol, cellobiose, dulcitol, inositol, inulin, lactose, maltose, raffinose, rhamnose, salicin, sucrose, xylose, galactose, melibiose and trehalose was tested according to Smith et al. [16] . For anaerobiosis, the cultures were streaked onto TSA plates and placed in an anaerobic jar (MART), which was evacuated and flushed with an anaerobic gas mixture consisting of nitrogen (85 %), carbon dioxide (10 %) and hydrogen (5 %) using an Anoxomat system (MART). Oxidation of different carbon sources was tested by using Biolog GEN III microplates in the OMNILOG system (Biolog) according to the manufacturer's instructions. For cellular fatty acid analysis, strains were grown on TSA medium at 30 C for 36 h. Fatty acid methyl esters were extracted (from late logphase cells) and analysed by using the method of the Microbial Identification System (MIDI Sherlock version 6.1, library TSBA5.0) as described previously, with the Agilent GC 7890 [17, 18] The genomic DNA was extracted using the Bacterial/Fungal DNA MiniPrep kit (Zymo Research), according to standard procedures. The PCR amplification of the 16S rRNA gene was performed using two bacterial universal primers, 27F (5¢-GAGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACG GYTACCTTGTTACGACTT-3¢). The PCR product purification and sequencing was done as described by Mayilraj et al. [19] . The identification of phylogenetic neighbours and the calculation of pairwise 16S rRNA gene sequence similarities were achieved using EzBioCloud [20] . Sequences were aligned using the MUSCLE algorithm in MEGA version 7.0 [21] . In addition to 16S rRNA gene sequence analysis, for the first time housekeeping genes such as gyrB, recA and rpoB were also analysed for the genus Acidivorax to get a better idea of the evolutionary relationship between strain KNDSW-TSA6 T and the related species of the genus. The sequences for the housekeeping genes of strain KNDSW-TSA6
T were retrieved from its whole genome sequence (NOIG00000000). The sequences of the gyrB, recA and rpoB genes were analysed using the BLASTN algorithm [22] to identify the closest neighbours in the GenBank database [23] . Phylogenetic trees based on 16S rRNA gene sequences and a concatenated matrix of 16S rRNA, gyrB, recA and rpoB gene sequences were reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony algorithms (MEGA version 7.0 [21] ). A draft genome of strain KNDSW-TSA6
T was sequenced at Genotypic Pvt Ltd, Bengaluru, India, by using an Illumina HiSeq 2Â100 platform. Library preparation and sequencing were performed according to methods described previously [24] . The prepared libraries were quantified and then validated for quality by running an aliquot on a high sensitivity bioanalyser chip (Agilent). Assembly was carried out with CLC Genomics Workbench version 7.5.1 (CLC Bio). To determine the genome-genome relatedness between strain KNDSW-TSA6 T (NOIG00000000) and the two closely related strains, A. soli (FNQJ00000000) and A. delafieldii (LSHP00000000), the average nucleotide identity (ANI) and Genome-to-Genome Distance Calculator (GGDC) values were calculated using the parameters of ortho-ANI available in the software OAT [25] and digital DNA-DNA hybridization (dDDH) through the GGDC available at http://ggdc. dsmz.de/distcalc2.php [26] . The G+C content of genomic DNA was determined from the whole genome.
The differential physiological and biochemical features of strain KNDSW-TSA6
T along with the most closely related strains are described in Tables 1 and S1 (available in the online version of this article). Cells were motile by means of a single polar flagellum (Fig. S1 ). Colonies grown on TSA were straw yellow coloured and about 1-2 mm in diameter, circular, smooth and convex. The strain differed from the reference strains by the following features: positive for gelatin hydrolysis and negative for casein hydrolysis; acid production from galactose; oxidation of N-acetylneuraminic acid and para hydroxyphenyl acetic acid. Negative for acid production from melibiose and trehalose; catalase activity; in Biolog GenIII microplates: negative for oxidation of gentiobiose, D-serine, pectin, vancomycin, trehalose, methyl pyruvate, gamma amino butyric acid and propionic acid. The fatty acid composition of strain KNDSW-TSA6
T was very similar to those of the other related strains, as mentioned in Table 2 (with other moderately related species are mentioned in Table S2 ), with minor differences in the respective proportions of some components like the presence of C 18 : 3 !6c and the absence of C 18 : 0 and C 8 : 0 3-OH. Strain KNDSW-TSA6 T had C 16 : 1 !7c/C 16 : 1 !6c, C 16 : 0 and C 18 : 1 !7c/C 18 : 1 !6c as major fatty acids (Table 2 ).
Phylogenetic analysis of the 16S rRNA gene sequence confirmed its placement in the genus Acidovorax and showed highest 16S rRNA gene sequence similarity to A. soli BL21 T (98.9 %), followed by A. delafieldii ATCC 17505 T (98.8 %), A. temperans CCUG 11779 T (98.2 %), A. caeni R-24608 T (97.9 %) and A. radicis N35 T (97.6 %). The neighbour-joining tree based on 16S rRNA gene analysis showed that strain KNDSW-TSA6
T formed a separate lineage within the genus Acidovorax and clustering with A. soli BL21 T and A. caeni R-24608 T retrieved as its closest relatives in a single branch, which was also supported by maximum-likelihood and maximum-parsimony trees (Figs S2 and S3 ). The same pattern was obtained by using the maximum-parsimony and maximumlikelihood algorithms, which are highlighted using circular and triangular symbols in Fig. 1 T showed low ANI (84.3 and 87.4 %) and GGDC (26 and 32 %) values, respectively, to its closest taxa, A. soli and A. delafieldii, which are well below the cut off values (95-96 % for ANI and 70 % for GGDC) recommended for species delineation [27, 28] . The G+C content of genomic DNA was found to be 65.7 %. Based on the phenotypic and genotypic results, strain KNDSW-TSA6
T should be regarded as a new species of the genus Acidovorax. On the basis of morphology, growth characteristics, biochemical and chemotaxonomic characteristics, molecular systematic studies including 16S rRNA, gyrB, recA, rpoB gene sequence analysis, and dDDH studies, strain KNDSW-TSA6
T is considered to represent a novel species of the genus Acidovorax, for which the name Acidovorax kalamii sp. nov. is proposed.
DESCRIPTION OF ACIDOVORAX KALAMII SP. NOV.
Acidovorax kalamii (ka.lam¢i.i. N.L. gen. n. kalamii referring to Abdul Kalam, a well-known scientist who advanced space research in India).
Cells are Gram-stain-negative, aerobic, non-endospore-forming, motile rods with a single polar flagella and occur singly or in pairs. Cells are 2.0-2.8 µm long and 0.71-0.76 µm wide. Colonies on TSA medium are straw yellow coloured, opaque, circular, convex with smooth margins. Negative for catalase and positive for oxidase. Negative for indole production. Growth occurs at 20-37 C (optimum 30 C) and between pH 6.0-8.0 (optimum 7.0), and cells can tolerate up to 0.5 % NaCl (optimum 0 %). Acid is produced from dextrose, galactose, Phylogenetic tree based on concatenated 16S rRNA, gyrB, recA and rpoB gene sequences. The evolutionary history was inferred using the neighbour-joining method [29] . The optimal tree with the sum of branch length=0.50487930 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches [30] . The evolutionary distances were computed using the maximum composite likelihood method [31] and are in units of the number of base substitutions per site. The analysis involved nine nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 3092 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [21] . Circular symbols represent nodes that were also recovered in the maximum-parsimony and maximum-likelihood trees. Triangular symbols represent nodes recovered in the neighbour-joining and maximum-likelihood trees. *Housekeeping genes retrieved from the whole genome sequence. 
